The minimum underlying data set necessary to support the results of this study is available within the paper and its Supporting Information files.

Introduction {#sec001}
============

Overview of Environmental Education history {#sec002}
-------------------------------------------

In addition to Environmental Education (EE), the term Education for Sustainable Development (ESD) has been in use for several decades. Do the concepts behind EE and ESD overlap? Initial approaches to natural phenomena in EE go back to early European Educational Reformers (*e*.*g*. Comenius, Rousseau, Pestalozzi, Goethe and Humboldt), long before 'EE' was defined, and before the attempt was made to integrate EE approaches into a general concept of education \[[@pone.0208910.ref001]\]. At the UCN/UNESCO 'International Working Meeting on Environmental Education' (USA, 1970), the 'original definition' of EE was "... the process of recognizing values and clarifying concepts to develop skills and attitudes necessary to understand and appreciate the inter-relatedness among man, his culture, and his biophysical surroundings. EE also entails practice in decision-making and self-formulation of a code of behavior about issues concerning environmental quality" \[[@pone.0208910.ref002]\]. A few years later, the term EE was recognized at the UN Conference on Human Environment in Stockholm \[[@pone.0208910.ref003]\]. The earliest environmental movements triggered the publication of Carson\'s book: 'Silent Spring', in which she claimed that DDT and other pesticides harm the environment \[[@pone.0208910.ref004]\] (DDT was found in *e*.*g*. Adèlie penguins and Weddell seals) \[[@pone.0208910.ref005]\]. Years later environmental movements used this claim to enforce a global ban of DDT. Due to the environmental problems of the 20^th^ century, such as 'acid rain' (*e*.*g*. \[[@pone.0208910.ref006]\]), 'air pollution'(*e*.*g*. \[[@pone.0208910.ref007]\]) or 'ozone layer decline'(*e*.*g*. \[[@pone.0208910.ref008]\]), the global population developed an increasing environmental awareness, compatible with the EE goals concerning 'attitudes', 'motivations' and 'commitment to work individually towards solutions of current problems' \[[@pone.0208910.ref003], [@pone.0208910.ref009], [@pone.0208910.ref010], [@pone.0208910.ref011]\]. These goals were reinforced after the Belgrade Charter \[[@pone.0208910.ref009]\] and expanded in the Tbilisi Declaration in the late 70s \[[@pone.0208910.ref010]\]. In the 90s, the Rio-Conference defined EE in a broader sense, by developing a global action plan ('Agenda 21') with regard to sustainable development (SD) \[[@pone.0208910.ref011]\]. Although the term 'SD' originated in the book *Silvicultura oeconomica* (1713) by Carlowitz, that focused only on 'forestry' \[[@pone.0208910.ref012]\], today the term ESD includes 'local', 'national' and even 'global actions', which deal with present and future aspects of SD as a new guide for 'lifelong development competencies' \[[@pone.0208910.ref011]\]. ESD is a combination of three aspects: environmental (ecological), economic (including poverty reduction, corporate responsibility and accountability of society) and social (including employment, human rights, gender equity, peace and human security) aspects \[[@pone.0208910.ref013], [@pone.0208910.ref014], [@pone.0208910.ref015]\]. In graphic representations, they are often illustrated a same-sized circles with a circle labelled "human well-being" in the center representing the quality of life \[[@pone.0208910.ref016]\]. To the present day, the relationship between EE and ESD has been controversial: some authors consider ESD as the most effective approach to deal with current problems, as ESD may best meet the Rio-Conference recommendations \[[@pone.0208910.ref015]\]. Since Rio \[[@pone.0208910.ref011]\], ESD approaches concentrating on sustainable, modified attitudes and behaviors have gradually been included from primary to higher education worldwide \[[@pone.0208910.ref015], [@pone.0208910.ref017]\]. To support learning, students need diverse access to educational contents, and therefore topics, skills and different teaching methods must vary \[[@pone.0208910.ref018]\]. Researchers have been interested in measuring 'environmental awareness', 'attitudes based on connectedness to nature' or 'behavior towards the environment' for several decades. An example of a standardized and world-wide accepted measuring instrument is the 'Inclusion of Nature in Self (INS)' scale \[[@pone.0208910.ref019]\], which was used in this study. By consulting another measuring technique, namely the 'General Ecological Behavior (GEB)' \[[@pone.0208910.ref020]\], five sub-scales where classified into sub-categories to describe the main category of 'ecological behavior'. Another approach to 'sustainable development' claims that unprecedented material consumption, human greed and the human economic subsystem are huge problems of the modern world \[[@pone.0208910.ref021]\], which is why some authors see ESD critically. The concepts of 'SD' and 'ESD' are contradictory in their view of how 'sustainability' deals with the conflict between 'economic growth' and 'environmental protection' \[[@pone.0208910.ref022]\]. How far can natural resources \[[@pone.0208910.ref023]\] in developing countries be distributed fairly \[[@pone.0208910.ref024]\] and how is this problem related to 'human welfare', 'equality' and 'equal rights' \[[@pone.0208910.ref023]\]? Another point of discussion could be that people can choose between exploitation and protection of the environment \[[@pone.0208910.ref025]\] (*e*.*g*. by lifestyle or consumer behavior), subscribing to an anthrophocentrical or an ecocentrical view. Critics are concerned that sustainability tends towards anthropocentrism \[[@pone.0208910.ref023]\] if the rights and interests of human beings are the main focus. In contrast to that, the ecocentric approach puts special emphasis on the moral responsibility of humanity towards fellow humans \[[@pone.0208910.ref015]\], plants, animals and ecosystems \[[@pone.0208910.ref026]\]. Other authors argue that neither EE nor ESD solve crucial controversial disputes like 'polyvalent decisions'. Replacing 'nuclear power' with 'wind power systems' brings new problems like 'noise pollution' and 'bird protection' \[[@pone.0208910.ref027]\]. It is particularly hard to raise students' awareness of the value of nature \[[@pone.0208910.ref023]\] (*e*.*g*. 'you will protect what you love but on the other hand, you will not protect what you don't know'), because students have great difficulty understanding the underlying complex processes (*e*.*g*. why a forest dies) \[[@pone.0208910.ref027]\]. In addition, even ecologically oriented students struggle to deal with SD issues if they were taught by poorly trained teachers \[[@pone.0208910.ref023]\].

Overview of Environmental Education history in school {#sec003}
-----------------------------------------------------

The history of education suggests that EE can support children in achieving an eco-friendly way of life, not merely in acquiring knowledge about the bio-physical natural environment \[[@pone.0208910.ref028]\]. In the 60s, pupils gained only knowledge by studying species and physical systems. Later in the 70s practical knowledge was acquired through outdoor adventures and urban studies. The global education efforts of the 80s, which included for example \[[@pone.0208910.ref029]\] a variety of teaching methods (*e*.*g*. inquiry learning, problem-based learning, project based learning, case-based teaching, discovery learning or just in-time teaching) \[[@pone.0208910.ref018]\] already incorporated EE modules while ESD still was in its infancy. Since the 90s, EE has become a recognized approach around the globe and formal and informal efforts have been made to integrate cognitive, affective and psychomotoric aspects of learning \[[@pone.0208910.ref030]\]. However, diversity of teaching methods does not automatically lead to success, particularly if students' have poor environmental knowledge, attitudes and behavior \[[@pone.0208910.ref031]\]. Not only 'factual-knowledge' but also 'action-related knowledge' and 'effectiveness knowledge' need to be increased \[[@pone.0208910.ref032]\] to promote positive environmental behavior. A few studies have examined short-term inputs (*e*.*g*. \[[@pone.0208910.ref033]\]) and residential program interventions \[[@pone.0208910.ref034]\], both of which have led to an increase of environmentally friendly attitudes and behavior. In our present study we monitor how freshmen perceive the terms EE and ESD after completing primary and secondary school during the UN decade. We assume that participants have some conceptions of EE and ESD, because their parents grew up during the evolutionary period of EE.

Conceptions {#sec004}
-----------

Learning is an adaptive process where learners\' conceptual schemes are progressively reconstructed by a wide range of experiences and ideas \[[@pone.0208910.ref035]\]. It is assumed that learners consider both naive personal and scientifically correct explanations \[[@pone.0208910.ref036]\]. Nowadays, students receive information from the media, which are not always scientifically based. Over a period of 25 years, Hansen \[[@pone.0208910.ref037]\] tested the knowledge of Norwegian students about environmental topics three times. He concluded that the students' knowledge increased from the first to the last data collection. Furthermore, students were increasingly confused, perhaps because of the unlimited flood of information provided by *e*.*g*. media. Students often retain common sense beliefs and combine newly acquired school knowledge with their naive conceptions \[[@pone.0208910.ref038]\]. In addition to media, teachers also exert a significant influence on students' conceptions. Çimer *et al*. \[[@pone.0208910.ref039]\] concluded that experienced teachers had more knowledge and fewer misconceptions than beginners. Teachers' misconceptions should be eliminated before they are passed on to their students. Since the early 70s, conceptual ideas have been classified as pre-conceptions (*e*.*g*. \[[@pone.0208910.ref040]\]), misconceptions (*e*.*g*. \[[@pone.0208910.ref041], [@pone.0208910.ref042]\]), alternative conceptions (*e*.*g*. \[[@pone.0208910.ref043], [@pone.0208910.ref044]\]), common-sense concepts (*e*.*g*. \[[@pone.0208910.ref045]\]), initial conceptions (*e*.*g*. \[[@pone.0208910.ref046]\]) or individual perceptions (*e*.*g*. \[[@pone.0208910.ref047]\]). Conceptions of certain EE and ESD topics such as climate change (*e*.*g*. \[[@pone.0208910.ref048]\]), pollution (*e*.*g*. \[[@pone.0208910.ref049]\]), biodiversity (*e*.*g*. \[[@pone.0208910.ref050]\]) sustainability (*e*.*g*. \[[@pone.0208910.ref051]\]) or gene technology (*e*.*g*. \[[@pone.0208910.ref052]\]) have been studied in detail. To date there are no published studies about students' conceptions of EE or ESD. Fröhlich and colleagues \[[@pone.0208910.ref053]\] concluded that the concepts of younger students concerning a specific topic differ from those of older students, because conceptions are age-dependent \[[@pone.0208910.ref054]\]. Pedagogical and curricular emphases vary in the different countries, and states and schools and have a fundamental influence on student's conceptions \[[@pone.0208910.ref055]\].

Research goals {#sec005}
--------------

It is our main goal to monitor those freshmen's understanding of 'EE' and 'ESD' who grew up during the 'UN Decade for Sustainable Development'. We had four objectives: first, to analyze conceptions of EE and ESD with the respect to three dimensions: 'ecological', 'social' and 'economical'. Second, to detect the origins of individual environmental knowledge. Third, to analyze the relationship between humans and nature. Fourth, to determine the freshmen's (unfulfilled) expectations of EE.

Methods {#sec006}
=======

Ethics statement {#sec007}
----------------

The Ethics Committee of Northwest and Central Switzerland (EKNZ) has confirmed that the research project 'How Freshmen perceive Environmental Education (EE) and Education for Sustainable Development (ESD)' is in line with the general ethical and scientific standards for research with humans. It posed no health hazards in accordance with the Human Research Act (HRA, Article 51, paragraph 2). The project didn't fall under the remit of the cantonal or federal law (Human research Act) and therefore an approval was not necessary by an ethic committee, because this project was not defined as a research project as per HRA Art. 2. All data privacy laws were respected. Gender, age and study status of participants were recorded pseudo-anonymously.

Sample {#sec008}
------

Our sample consisted of 464 Swiss German freshmen from a variety of study programs (*e*.*g*., biology, pharmacy, economics; *N* = 464, *M* = 21.3, *SD* = *±* 3.1, male = 33.5%, female = 66.5%). All participants were confronted with three open and two closed questions testing individual concepts, knowledge and outlook concerning terms associated with the environment. The open questions included conceptions of Environmental Education (EE), Education for Sustainable Development (ESD) and individual (unfulfilled) expectations of EE. The first closed question listed six categories of EE sources ('politics', 'advertisement', 'media', 'outreach', 'school', 'family'). All participants were asked to assess the individual importance of the sources of environmental knowledge using a four-point Likert-scale ('1 = weak', '2 = middling', '3 = strong' and '4 = very strong'). The second closed question was based on a 7-INS (Inclusion of Nature in Self; adapted from \[[@pone.0208910.ref019]\]) scale (scale: 'A = very low' to 'G = very strong') with two overlapping circles labelled 'self' and 'nature' to show the relationship to each other.

Data analyses {#sec009}
-------------

Statistical tests were conducted using R (Version 2.14.2). We analyzed both closed questions using Student's T-Test, since the variables were normally distributed (Q-Q plot). Based on the current German syllabus \[[@pone.0208910.ref056]\], we extracted five main categories from the open questions inductively (ecological aspects, ecological problems, economical aspects, social aspects, education) and two main categories based on students' statements deductively (environmental attitudes, environmental behavior) \[[@pone.0208910.ref057]\] ([Fig 1](#pone.0208910.g001){ref-type="fig"}).

![Categories of Environment Education and Education for Sustainable Development.](pone.0208910.g001){#pone.0208910.g001}

Categorization {#sec010}
--------------

To define the terms of ESD and EE more precisely, we used 28 identical sub-categories assigned to seven main categories ('ecological aspects', 'economical aspects', 'social aspects', 'environmental behavior', 'environmental attitudes', 'ecological problems' and 'education') ([Table 1](#pone.0208910.t001){ref-type="table"}). In the cases of the question about EE (unfulfilled) expectations, we allocated 70 sub-categories. We summarized each main category as one vote, irrespective of the frequency with which each participant mentioned the sub-categories within each main category.

10.1371/journal.pone.0208910.t001

###### Categorization examples from freshmen between EE and ESD.

![](pone.0208910.t001){#pone.0208910.t001g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                                                                                                                                                                                            Main categories                       
  -------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ----------------- --- --- --- --- --- ---
  **55**                                                                                                                                                   **Recapturing(2) humans(4)** to the **environment(4)**, **becoming more conscious(2) and economical(6)** (EE).   0                 1   0   1   0   1   0

  **Economically using resources(2)** and **preserving the environment(2)** (ESD).                                                                         0                                                                                                                1                 0   0   0   0   0   

  **63**                                                                                                                                                   **Information(1)**, built **awareness(2)** towards **nature(4)** and environment (EE).                           1                 1   0   1   0   0   0

  \                                                                                                                                                        1                                                                                                                1                 1   1   1   1   0   
  **Information(1)** about topics: **conservation of resources and handling(2): nutrition(6)**, **economy(3)**, **social(5)**, **environment(4)** (ESD).                                                                                                                                                          

  **214**                                                                                                                                                  **Promote ecological awareness(2)** (EE).                                                                        0                 1   0   0   0   0   0

  **Learn(1)**, what we can do **to protect(2)** our **earth(4)** for **future generations(5)** (ESD).                                                     1                                                                                                                1                 0   1   1   0   0   

  **370**                                                                                                                                                  **Learn(1)** how to **handle towards the environment(2)** (EE).                                                  1                 1   0   0   0   0   0

  To **teach(1) humans(4)**, that **resources(3) are limited** and **we should consume(6) only as much as we can produce(2)** (ESD).\                      1                                                                                                                1                 1   1   0   1   0   
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Main categories: (1) Education, (2) Ecological attitudes, (3) Economical aspects, (4) Ecological aspects, (5) Social aspects, (6) Ecological behavior and (7) Environmental problems

To assign all participant statements to main or sub-categories, we accepted synonyms like nature or habitat instead of 'Environment' and information or lesson instead of 'Education' for 'Environmental Education'. From 1443 observed statements we randomly selected 18% to assess the inter- and intra-reliability. We computed a score of 0.95 for inter-reliability and 0.86 for intra-reliability using Cohen's Kappa Coefficient \[[@pone.0208910.ref058]\]. For the contingency analysis C~corr~ we set a limit of 0.2 and a significance level of α = 0.001. In our quantitative analysis we included the Bonferroni correction for both analyses separately.

Results {#sec011}
=======

All categories based on open questions (definitions, see [Table 2](#pone.0208910.t002){ref-type="table"}), which are displayed exemplary on few examples in [Table 1](#pone.0208910.t001){ref-type="table"}. A four-step analysis revealed the following: first, concept ideas about ESD and EE. Second, retrospectively labelled individual sources of EE. Third, the individual connectedness to nature in the Inclusion of Nature in Self (INS) and finally, (unfulfilled) expectations of EE issues in comparison to the freshmen's individual concept ideas of EE.

10.1371/journal.pone.0208910.t002

###### Defined categories of freshmen´s conceptions of Education for Sustainable Development (ESD) and Environmental Education (EE).

![](pone.0208910.t002){#pone.0208910.t002g}

  Category of conceptions       Definition                                                                                                                           Examples
  ----------------------------- ------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------
  **Ecological aspects**        Interaction between organisms with other biotic and abiotic components of their environment.                                         organisms, nature, animals & plants, habitats
  **Ecological problems**       Problems connected to environmental problems.                                                                                        Environmental influence, pollution, climate change
  **Social aspects**            The individual, in relation to its own social environment and thinking towards nature and fellow humans.                             Sustainable lifestyle, next generation aspect
  **Environmental attitudes**   Beliefs of people and society concerning nature, ecology and issues of the environment.                                              Awareness, connected with limited resources
  **Economical aspects**        Economy resources and innovation.                                                                                                    Research, product/ resources, innovation
  **Environmental behavior**    Behavioral patterns based on general ecological behavior (adjusted deductively from sub-scales of GEB) \[[@pone.0208910.ref020]\].   Consumption, waste avoidance, recycling
  **Education**                 Accumulation of individual knowledge.                                                                                                Knowledge, information, understanding

A qualitative content analysis categorized students' ideas about Environmental Education (EE) and Education for Sustainable Development (ESD) ([Fig 2](#pone.0208910.g002){ref-type="fig"}). We identified 1243 statements (n~ESD~ = 648, n~EE~ = 595) belonging to seven defined main categories ([Table 1](#pone.0208910.t001){ref-type="table"}). A contingency analysis showed a relationship over all categories between ESD and EE (C~*corr*~ = 0.37, *n* = 1243, *p* \< 0.001).

![Percentage distribution of freshmen concept ideas of Education for Sustainable Development (ESD) and Environmental Education (EE).\
N~*participants*~ = 464.](pone.0208910.g002){#pone.0208910.g002}

The main categories 'social aspects' (C~*corr*~ = 0.205, *n* = 1243, *p* \< 0.001) and 'economical aspects' (C~*corr*~ = 0.296, *n* = 1243, *p* \< 0.001) resulting this small effect (C~corr~ limit 0.2 and a significance level of 0.001, see [method](#sec006){ref-type="sec"}).

A quantitative analysis yielded six categories of sources of Environmental Education: 'advertisement' (*M* = 1.592, *SD* = 0.727), 'politics' (*M* = 1.733, *SD* = 0.786), 'media' (*M* = 2.377, *SD* = 0.879), 'school' (*M* = 2.406, *SD* = 0.768), 'outreach' (*M* = 2.411, *SD* = 0.830) and 'family' (*M* = 2.880, *SD* = 0.846) ([Fig 3](#pone.0208910.g003){ref-type="fig"}). A Paired Student's T-Test after testing normal distribution ([Fig 4](#pone.0208910.g004){ref-type="fig"}) indicated differences between the categories 'advertisement' and 'politics' (*t* = -3.251, *df* = 436, *p* = 0.001), 'advertisement' and 'media' (*t* = -17.197, *df* = 435, *p* \< 0.001), 'advertisement' and 'school' (*t* = -16.062, *df* = 433, *p* \< 0.001), 'advertisement' and 'outreach' (*t* = -15.817, *df* = 430, *p* \< 0.001), 'advertisement' and 'family' (*t* = -24.686, *df* = 439, *p* \< 0.001), 'politics' and 'media' (*t* = -12.192, *df* = 435, *p* \< 0.001), 'politics' and 'school' (*t* = -13.076, *df* = 433, *p* \< 0.001), 'politics' and 'outreach' (*t* = -12.524, *df* = 430, *p* \< 0.001), 'politics' and 'family' (*t* = -22.908, *df* = 438, *p* \< 0.001), 'media' and 'family' (*t* = -9.188, *df* = 436, *p* \< 0.001), 'school' and 'family' (*t* = -8.740, *df* = 434, *p* \< 0.001) and the categories 'outreach' and 'family' (*t* = -8.807, *df* = 431, *p* \< 0.001). The effect size of all analysis explain less than 8% variance between two category pairs.

![Comparison of overall mean scores when retrospectively labelling individual sources of Environmental Education (*N* = 464).](pone.0208910.g003){#pone.0208910.g003}

![All Q-Q plot graphics of EE sources show a normally distributed data based on the Likert-scale.](pone.0208910.g004){#pone.0208910.g004}

The Inclusion of Nature in Self scale (INS) \[[@pone.0208910.ref019]\] describes the relationship between nature and the self ([Fig 5](#pone.0208910.g005){ref-type="fig"}).

![INS adapted with two overlapping circles labelled 'nature' and 'self' \[[@pone.0208910.ref019]\].](pone.0208910.g005){#pone.0208910.g005}

A Paired Student's T-Test indicated a difference between 'self-perception' (*M* = 3.954, *SD* = 1.145) and 'human-perception' (*M* = 5.024, *SD* = 1.174) ([Fig 6A and 6B](#pone.0208910.g006){ref-type="fig"}) with respect to connectedness to nature (*t* = 20.5, *df* = 451, *p* \< 0.001). A moderate effect (*r* = 0.48) explains 23.04% of the dependency between them.

![Connectedness to nature: 'human-perception' (a, c) and 'self-perception' (b, d) including Q-Q plot graphics showing normally distributed data based on the Likert scale.](pone.0208910.g006){#pone.0208910.g006}

The second qualitative content analysis categorized students' ideas about 'Environmental Education' ([Fig 2](#pone.0208910.g002){ref-type="fig"}) and '(unfulfilled) Environmental Expectation' ([Fig 7](#pone.0208910.g007){ref-type="fig"}). We identified 849 statements (n~*Environmental*Education~ = 595, n~(unfulfilled)*EnvironmentalExpectation*~ = 254) belonging to seven defined main categories ([Table 2](#pone.0208910.t002){ref-type="table"}). A contingency analysis showed a relationship over all categories between 'Environmental Education' and '(unfulfilled) Environmental Expectation' (C~*corr*~ = 0.536, *n* = 849, *p* \< 0.001).

![Conceptions about 'Environmental Education (EE)' (row of order see [Fig 2](#pone.0208910.g002){ref-type="fig"}) and individual 'environmental expectations'.](pone.0208910.g007){#pone.0208910.g007}

The main categories 'education' (C~*corr*~ = 0.385, n~*observed*~ = 203, n~*not\ observed*~ = 646, *p* \< 0.001) and 'ecological aspects' (C~*corr*~ = 0.201, n~*observed*~ = 174, n~*not\ observed*~ = 675, *p* \< 0.001) produce a significantly higher number of 'Environmental Education' statements in comparison to fewer (unfulfilled) 'Environmental Expectation' statements. On the other hand, we obtained fewer statements in the main categories 'ecological problems' (C~*corr*~ = 0.334, n~*observed*~ = 104, *n*~*not\ observed*~ = 745, *p* \< 0.001), 'environmental behavior' (C~*corr*~ = 0.357, n~*observed*~ = 67, n~*not\ observed*~ = 782, *p* \< 0.001) and 'economical aspect' (C~*corr*~ = 0.237, n~*observed*~ = 41, n~*not\ observed*~ = 808, *p* \< 0.001) if compared with a higher '(unfulfilled) Environmental Expectation' based on our definition (C~corr~ limit 0.2 and a significant level of 0.001, see method).

Discussion {#sec012}
==========

The 'ecological' dimension in ESD and EE {#sec013}
----------------------------------------

In 2015, 17 Sustainable Development Goals (SDGs) were formulated, including the basic ecology of local and global ecosystems (*e*.*g*. 13 'climate change', 14 'life below water' or 15 'life on land') \[[@pone.0208910.ref059]\]. The roots of the definition of 'ecology'--linking the biotic and abiotic world--go back to Aristotle, Buffon, Wallace, Darwin or Haeckel \[[@pone.0208910.ref060]\]. For one in three participants, we observed a minimum of one statement in the main category of 'ecological aspects' in EE, but only for one in five in ESD. EE clearly contained more statements in the sub-categories of 'habitat' and 'ecosystem/environmental impacts' than did ESD. In both EE and ESD, we observed few statements concerning 'animals', 'plants' or 'humans'. Within the 'ecological' category, we combined statements about 'climate change', 'environment pollution' and 'environment influences' as sub-categories of the main category 'ecological problems'. Less than 10% of participants mentioned one statement in EE, or in both EE and ESD, although *e*.*g*. 'climate change' is one of the essential focuses in ESD \[[@pone.0208910.ref061]\] and--next to 'micro plastic' \[[@pone.0208910.ref062]\], 'hormones in rivers and lakes' \[[@pone.0208910.ref063]\] or 'sunscreen particle' in oceans \[[@pone.0208910.ref064]\]--the greatest threat to our environment \[[@pone.0208910.ref065], [@pone.0208910.ref066]\].

The aspect of the 'social' dimension in ESD and EE {#sec014}
--------------------------------------------------

The 'social' category--as an essential environmental issue--has commonly been recognized as the weakest 'pillar' of sustainable development \[[@pone.0208910.ref013], [@pone.0208910.ref067]\]. We assigned for one in five participants a minimum of one statement to the main category of 'social aspects' in ESD, and for one in fourteen participants in EE. The effect size in the category 'social' is small, but was perceived from freshmen stronger in ESD than in EE. This is quite in line with a recent study with over 2400 Swedish students, where ESD was assigned an essential role in a more sustainable future \[[@pone.0208910.ref068]\]. Further, the 'next generation aspect', where we observed 23 statements, might provide a first indication of more thoughtful behavior towards value-oriented decisions \[[@pone.0208910.ref027]\]. In a Brazilian study 68% of all participants were confused when they were asked questions about their opinion of ESD, because in their past they were familiar only contact with EE. EE already contains 'social' and 'economical' elements \[[@pone.0208910.ref069]\]. Other social issues like 'employment', 'human rights', 'gender equity', 'peace' or 'human security', although regarded as essential \[[@pone.0208910.ref063]\], appeared neither in EE nor ESD in our sample.

The aspect of the 'economical' dimension in ESD and EE {#sec015}
------------------------------------------------------

Economic growth with all its effects on society and environment is expected to be a key concept of ESD \[[@pone.0208910.ref069]\]. However, in our case one in five participants yielded a minimum of one statement in the main category of 'economical aspects' in ESD. In contrast, only one in 34 participants did so for EE. Similar to Manni and colleagues \[[@pone.0208910.ref070]\], we counted the word resources in the various main categories 165 times in ESD and 65 times in EE. In our opinion, it makes a difference whether the concept of ESD contains resources (as a single word, impersonal) or 'conservation of resources and handling' (personal). For example, the statement of one freshman: 'sparingly using resources and preserving the environment' fits best to the main category 'environmental attitudes' ([Table 1](#pone.0208910.t001){ref-type="table"}) following our definition ([Table 2](#pone.0208910.t002){ref-type="table"}). Unfortunately, we cannot tell if this statement was made in reference to a social (*e*.*g*. next generation aspect), economical (sparingly consume to save money) or ecological background (avoid products with palm oil to protect rain forests). Within the main category of 'environmental attitudes', we observed 70 statements in the EE subcategory of 'appreciate/perceive/preserve the environment' and only 18 statements in the same sub-category of ESD. The same applies to all the other sub-categories within the main category of 'environmental attitudes' ('awareness of/responsibility for nature', 'to save resources' and 'environmental protection'). This shows a countertrend to the definition of environment \[[@pone.0208910.ref002]\] as found in ESD. In conclusion, the conceptual patterns clearly do not follow the protocol of 'economical', 'ecological' and 'social' aspects as single dimensions of EE and ESD. On average, each participant mentioned statements of only two out of seven main categories. Additionally, the results of the contingency analysis revealed the frequency between the categories and their classification to EE and ESD based on students' perception. In conclusion we had a small effect size over all categories, which was derivate from the categories of 'social' and 'economical aspects'.

Environmental Education in relation to lifetime learning aspect and connectedness to nature {#sec016}
-------------------------------------------------------------------------------------------

Although the frequencies of conceptions differed, the most important source for EE is 'family\'. Other studies have reported this for earlier age-groups: Eagles & Demare \[[@pone.0208910.ref071]\] reported for 6^th^-graders that talking about the environment at home while watching nature films, and reading about the environment were the most frequent sources of EE. 'Family' is apparently also important for the age group in our study and seems to be an imprinting factor on individuals' attitudes towards and knowledge about EE. Pe'er and colleagues \[[@pone.0208910.ref072]\] described a significant positive relationship between the mother's education (as an indicator of socioeconomic status) and a student's environmental knowledge and attitudes. They assume that growing up in a well-educated family supports more pro-environmental attitudes. Further, they found out that well educated individuals had greater exposure to ecological ideas than less educated individuals. EE and/or ESD may need a long period--from early childhood throughout adolescence to adulthood--to become established. In our sample, it is not clear which type of media contributes to most EE conceptions. Even eLearning tools such as HOBOS, is an outstanding means of replacing direct experience of nature by observing beehives remotely \[[@pone.0208910.ref073]\]. Commercial advertising (*e*.*g*. flyers and posters) and politics seem to play a very minor role in EE in our sample. In conclusion, long-term sources such as family or school, including different kinds of media (*e*.*g*., TV, journals and books), are perceived as the most important sources in EE ([Fig 3](#pone.0208910.g003){ref-type="fig"}). Connectedness to nature, as a common goal for 'Environmental Education Programs' in schools \[[@pone.0208910.ref074]\], is expected to positively influence individual environmental behavior (*e*.*g*. \[[@pone.0208910.ref032]\]). Our results (that younger students are more engaged than older ones) are in accordance with the literature (*e*.*g*. \[[@pone.0208910.ref075]\]). In addition, differences appeared between an anthropocentric self-perception view based on the Inclusion of Nature in Self (INS) scale ([Fig 6A](#pone.0208910.g006){ref-type="fig"}) and the overall view of the relationship between humans and nature ([Fig 6B](#pone.0208910.g006){ref-type="fig"}).

Environmental Education (unfilled) expectations {#sec017}
-----------------------------------------------

Less than half of our participants replied to the open question concerning individual expectations of EE, although low scores were observed over all categories in general. Frequent categories like 'ecological aspects', 'environment attitudes' and 'education' were infrequent, while other main categories such as 'environmental behavior', 'economical aspects' and 'ecological problems' were observed more frequently. The frequent questions of freshmen about topics like: 'how to protect the environment', 'how to avoid waste' or 'how to encouraged learning ecologically sensitive behavior' demonstrate, that the required environmental knowledge has been conveyed insufficiently or not even at all at school for example. Nevertheless, individual statements in relation to anthropocentric impacts such as 'climate change', 'global warming', 'carbon dioxide emissions' and other 'harmful environmental influences' in the main category of 'ecological problems' occurred less frequently than expected, although topics like 'climate change' (*e*.*g*. \[[@pone.0208910.ref061]\]), 'micro plastic' (*e*.*g*. \[[@pone.0208910.ref062]\]) or 'hormones in rivers and lakes' (*e*.*g*. \[[@pone.0208910.ref063]\]) have a strong media presence. The most frequent observation in the main category of 'ecological behavior' occurred in the sub-categories of nutrition consumptions (*e*.*g*. regional/seasonal, alternative or genetically engineered foods). In the main category 'economical aspects' terms like innovation and alternative energies' were mentioned often. Additionally, the results of the contingency analysis revealed the frequency between the categories and their classification to EE and EE Expectation, based on students' perception. In conclusion we had a small effect size over all categories, which was derivate from the categories of 'education', 'economical aspects', 'ecological aspects', environmental behavior' and 'ecological problems'.

Conclusion {#sec018}
==========

The sustainable aspect according to the Rio-conference \[[@pone.0208910.ref011]\] is in line with a newly observed sub-category named 'next generation' and only included in ESD, which is considered as an expansion of EE. Higher numbers of statements in the sub-categories of 'avoiding waste' and 'alternative consumptions' (*e*.*g*. regional/seasonal, alternative or genetically engineered foods) arise from the category 'environmental behavior' in a clear development towards sustainability in ESD. The term resources was observed more frequently in ESD, 165 times in contrast to 65 times in EE. It is pleasing that freshmen obviously wanted more information on topics like 'renewable energies' or 'innovations' in the category of 'economical aspects', presented as an open question in (unfulfilled) EE expectations. This may show a general tendency towards economic growth, although this topic was not included in questions about (unfulfilled) expectations in ESD. Derived from this example and others, we assume that the perceptions of freshmen are composed of two coexisting approaches with overlapping conceptions in EE and ESD. Based on the freshmen's strong limited ecological conceptions about habitats and humans, we counted fewer observations of these terms in ESD than in EE. In summary: fewer concepts in the category 'environmental attitudes', may not be in line with the original definition of environment in EE \[[@pone.0208910.ref002]\] and suggest a trend away from the ecocentric view. This observation was confirmed by the results of the Inclusion of Nature in Self (INS) scale of connectedness to nature, which showed that freshmen think of themselves as quite anthropocentric and yet are simultaneously convinced that an ecocentric world view is the ideal ([Fig 6A and 6B](#pone.0208910.g006){ref-type="fig"}). Although general interest in '(unfulfilled) environmental expectation' was low, the highest rate was observed in the main category of 'environmental problems' including current ecological problems like climate change. Retrospectively, family, school (especially teachers), outreach and media seem to be the most important sources of EE in our sample: they are crucial points of contact from early childhood to adulthood and help young people to become responsible citizens.

Supporting information {#sec019}
======================

###### Dataset of EE and ESD conceptions.

(XLSX)
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Click here for additional data file.
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